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THE EVOLUTION OF HOBO
by R. A. Clark

Los Alamos National Laboratory

I. INTRODUCTION

HOBO is ~ free- l.agrangian hydrodynamics cm-lc which has i-mm under dcvc]opmcnt at !.OS
Alamos for several years. ‘l”hc original version has Iwen dcscrilxd ill detail in rcfercncc []], and
[~] It was based on free Lagrangian tracer points arid iinitc difference approximations to the-.
equations of motion for fluid flow. This method will be reviewed briefly in Section II. The use Gf
an independent time step at each point is described in %-tion 111. This technique incrcascs the
speed of the code by factors of 10 to 20. In section IV wc will describe how the code has been
modified to achieve energy and rnomcnt II:n conservation am-l how this effects the independent
ti,ne step. i~inally in Section v wc will discuss the rxplicit tracking of material interfaces.

II. BASIC COMPUTATIONAL METHOD

In the original scheme wc did the following. \Vc begin with a set of Lagrangian tracer points
that essentially replaces a set of Lagrangian zones. Each point has associated with it position,
vc.locity, drnsity, energy, and pmssurc. At a given time step for a point labeled k choose a
rrprmcntalivc set of neighbors from which wc make a finite- difference approximation t,o ttw
tmns @l) and 6. f~. ‘\\r{Bthen advance each point from time t to time t + Jt in accordance with

J?qs. ( 1) :hrough (5).

I



III. INDEPENDENT TIME STEP

The idea of using an independent time step for each point in the calculation was first
suggested to us by [;ltgroth [3]. I;<ll]at ions ( 1) throllgh (3) can Ix’ written as

n+] _p – /)” + (’it/l (6)
!1+1 _

11 — u“ + (!til (i’)

(.’
n+l _

— c“ +dti’ (s)

It is the calculation of 5P and @1; (which Icads to ~, if, and ;) that takes the vast majority
of computatiofi effort, hundreds of floating point opctations as opposed to just six to solve l?qs.
(6), (7), and (8). The 6t in Eqs. (6), (7), and (8) is actually the minimum fit for all points in
tht- mesh taking stability and accuracy into account. At lnost of the points in the calculation

a much larger time step cou!d be uwd while still maintaining accuracy and stability. Suppose
point k muld be advan:ed from t to t + 10 At in one cyrle while maintaining accuracy and
stability, Advancing fronl t !,CIt + 1041 in one step is exactly equivalent to advancing in 10 steps
of Jt each with the values of ~, U, and E frozen. lf p, if, and i are frozen we do not need to+
calculate VP and V . ~ at these points and they are for all practical purposes free. ln a typic:d
calculation we update ~, L, and &at only 5 to 10% of the points on Q typical time step. This IS
liow speedups of 10 to 20 arc possible.

One more thing needs to he taken into account. A point may calculate a relatively large
tir. ]c step hut then as signals propagate that time step may be reduced. For example, the points
ahead of a s}]ork do not, know shout the approaching shcck when there irlitial time step is
calculated. ‘1’he poiilts iirl’ considorcd either inactive (i.e., frozen) or active, ‘rtlcactive points
(Irtcrrnine t,hr time st.cps for Imth themselves and for their inactive neighbors. I{rmce, a time

st,cp is rwil]cc(i as a sh(wk ai~proa~lles,

Iv. CONSERVATIVE METHOD
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Fig. 1 Vornoi Fig. 2 Delaunay

arc the area ccmtroids of the triangles and the midpoints of the connecting lines we get the
median mesh, Fig. 4, In order to write a conservative code we want to use a set of zones which
connect the rmtim space of the problem and across whose surfaces wc can compute mm-mmtum
and energy fluxes, In the original nonconservative nchcrne, iuthough values of P and {~ arc
well defined at the vcrticcs (by straight averaging), it is unclear how to ever make the method
conservative since the zones do rmt cover all of the spcce, The Vornoi polygon looks attractive
Ilut it is easy to show that, the vertices of the Vornoi polygon do not trmvc in a I,agrar)giari

rrmnncr so that cor)tirlllous (and cxpcnsivc) rrwoning would bc rcq~lircd, Wc ar.! rclllctarlt to
usc the Dclaunay t,rianglr Iwcausc of diflkultics that have bccm observed ir] other triang]c !Eawd
codes, For our basic rorllput,~tionrd ccl] wc are using the median rncsh of Fig, 4. The vorticw
move in a J,agrnngian rmmrwr so that thp rrws io the zone is (wmqtant, l’rwwurr and vvkxitiwr

arc intngratcd owr the surfncc to cortlput,c nwmmlt, urn and crwrgy flux, Rwmning is roqui rcd



v. Explicit Tracking of material interfaces
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Fig. () Typical Mesh

\Ve carry this onc stm fl~rthcr by allowing the interface intersection with the line connecting
points of (liffmence rnatm ial types to move at a velocity other than the straight average of the
tww point vclocitirs. WC accomplish this by introducing the variable ZED, which is between 0,0

and 1.(), a)ld t,clls us wtlt-m the interface intersects between points, A typi(al resulting mesh is
sliown in Figure fi.
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